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SBPECTFICATION

TELEVISTON EQUIRMENT, APOLLO SPACECERAFT

.l- Scope

This specification covers the requirements for the design, manu-
facture, and test of a television camera and associated harﬂmére, herein-
after referred to ;s the equimment, for Apollo Spacecraft.

8. The camera will bs required to ogﬁraté within the Apollo

Command Module ﬂuring:prenlaﬁnch, earth orbit, translunar,
and transearth phasés of the Iunar mission. It will he
transferred to the Imnar Excursion Module (1¥1) for descent
to the Meoon, and will be required to opera?e from within the
LEM during Iunar Staylime only. The camera will be regquired

" to qpcratq upon lunar surface during lunar day or lunar
night. Total mission time will be 360 hours. Total lunar
staytine will be a maximum of 4k heurs. The camera will be
required to o;efate for a maximm of 8 consecutive hours and
‘& minimum of 6 consscutive hours for 2 different periods during
the lunar staytime. Afterwards the camera will be transferred
to the Command Medule for the use during the tranéearth phase.
When the camﬁralls not in operation during the lunar staytime,
it will be stowed in the ILFEM conirolled environment.
HOTE: The camera rmusht be degignﬁd to handle both lunar day
end nizht missions;lhowsver, 1t will be assumed that know-
ledge of whether the miss;ﬂn will be aay or night will be
gvailsbls early énnugh fo make smﬁll modifications to.thé
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camera thersly enabling savings in weight, volume, power
dissapation or equipment complexiily.
b. The accessory equipment r::f the camera will be required in
various configurations for _support of camera o¢peration during
the different phases of ground testing end flight. Table I
below identifies the seccessories with respect to their environ-
- ment during the lunar mission end the illustrstions included herein

which give their overall physical characteristics.

" Jtem Description _ oM LENM Innar Surface "Fig.
1. O Slorage Frame ,- X _ | | 1
2 LEM Storage. Frame X o%
3. Telephoio Lens Holder X 3
L, Dey/Night lens Holder X "l

5. Wide Angle lens o X 5
€. ' Telephoto lens . Cox X X 6
T. Iunar Day Iens XL . X T
8.  Tunar Night Lens : X : X 8
9. CM Cable | X . o
10. | 1EM Cable ' | X o . 10 %%
11. Cable Connector _ - Ground  use _ only 11-
12, ._Bulkhead Receptacle X 12
13.  Thermal Shields (2) . X X oy 3

¥Figure 2 - Shall be changsd for purposes of this contraet to incorporate a
spring holding c¢lip such that the cemare can be mounted into the storssze frame

with one hand by the suited astronaut (reference peragraph 3.5.2).
= E .



**Figure 10 - Shsll be changed for purposes of this econiract to incorporate a
non-slip surface to. the camera handle such that the astronaut's gloved hand
will exhibit negligible slip when in contact with the handle,

2. Applicable Documents

2.1 Applicebility

The following documentg, of the issue dates specified below, form
a pert of this specification to the extenl specified hérein. When the re-
quirements of this speeification and the requirements of the documents ge—
ferenced herein are In confliet, the order qf precedence shell be as
‘follows:

a. This specification

b. Documents referenced herein.

2.1.1  Governmeni Documents

Specifications
Military
MIL-5-3151 . Sound Level Mzesuring Eoulpment
10 March 1950 '
MIL-E-5272 o Environmental Testing, Aercrautical
20 January 1960 +  and Assocleted Eguipment GCensral
Specification for
MIL-4-8625 Anodic Coatings for Aluminum and
1L Decenber 195L Aluminum Adlcys
MIL-A-26669 " Acoustical Noise Tests, Asronsutical
1L July 1959 and Associated Equipment
MIL-STD-810 Environmental Test Methods for

{usar) Aerospace and Ground Eguipment
AL June 1962 : _



MIL-E-6051C
MIL-I-26500
MSC-EMI104

NPC-200-2
20 April 1962

NPC-250-~1
30 July 19463

MSFC-PROC-158R
12 April 1962

MIL-8TD=130
& September 1958

MIT-STD-143
15 June 1960

MIL-&1] ~202
1k March 1960

3. Reguirements

Electromagnetic Interference
Specification

tuality Program Provisions for
Bpace System Contractors

Reliebility Program Provisions for
Space Systems Contractors

1 Soldering of Electrical Connections

(High Reliability),Procedure for

(Use for soldering only) Use
insulated teflon wire, MIL-W-16878,

Type E and EE. The high temperaturs

solder/Federal Specification QQ-5-571D

composition SMN10 and 8BS in addition

to type in paragraph VI.A; 1.4 of

1588 is allowed. ' .

Identification Marking of US
Militery Propertiy

Specification and Standards, Order
of Precedence Tor the Selection of

Test Metheds for Electronice and
Eleetrical Component Parts

These requirements shall be applicable to the extent specified in

detail in Section &4, Development and Qualification Testing.

3.1 Material, Parts end Processes

A1) materials, parts and processes used in the menufacture of

equipment furnished hereunder shall be of high and uniform quality and

capable of withstanding the mechanlical, electricsl, environmental conditions

specified. All materials, parts and processes shall regquire NASﬁ-{MSC)

approval in.asccordance with Para 6.3. As a guide to the sslection of materials,

the following criteria is established. The chemical and physiecal ana]jaia of

raw material as required by NPC 200-2 shazll not be required.



3.1.1  Ignition Temperature

The ignition temperature of any material used ghall bé no less
than 50 degrees F, sbove the maximum operating temperature of any element
of the eguipment furnished hersunder.

3.1.2  Weight Loss

No material uvsed in the equlpment shall experience a weight loss
in excess of 1 percent after 2 weeks of operation under the specifi ed gp-
vironments, ' TN

3.1.3 Sublimitation

3.1.3.1 Acceptable

The following metals, or their alloys, are acceptable:

Molybdenum Silicen ' Silver

Chromium Beryllium Tin

Titaniunm Copper (except Iead
brasscs)

Iron (steel) Gold . Bismuth

Cobalt Germanium Iridium

Nickel Aluminum Lithium

Brass(plated) Magaesium

»

3.1.3.2 TUnacceptable

s b g a—

The following metals , or their alloys, ere unacesptable:

Cadmium
. Zine
3.1.L Selection of Svecifications end Standards

Epecifications and standards for necessary commodities and services
not specified herein shall be selected using St&nda%ﬂ MIL-STD-1L3 as a gulde,
3.1.5 Selection of Parts ' . _

Air Fores, Haﬁy (AN}; end Military Stendards (M) parts and parts

covered by Militery Specifications designetion may be used and shall be
jdentified as such 2n the contractor's drawings. Commercial parts mey be used
where no Military parts exist, but shall be subject to NASA(MSC) approval in

accordance with Para 6.3, The establishmgnt of all feilure ratesz and



performance variations as a function of time and environmental stress shall
require NASA (MSC) approval in accordance with Paragraph 6.3, Verification
of failure rates and performer:s.variations by means of component testing is

not required.

3.1.6 Protective Tregtment

Protection shall be afforded materials that may deteriorate when
exposed to the envirommental conditions encountered during installation or
use. All nutrient materials used shall be treated sgainst eny known fungi;

3.1.7 Toxle Effects

terials that may ereate or liberate toxic products when exposed
to the environmental conditions specified herein are prohibited.

3.1.8 Electrical Connections

Eﬁll elecirical connections requiring soldering shall be soldered
in compliance with Sﬁeﬁifieatian HSFC-?RGC-IiEE. The technique to be
cmpioyeﬁ for'éonﬁections which are not soldered shall be throughly docuﬁénted
and presented to NASA-MSC for approval, in scecordance with Para 6.3,
3.1.9  nodizing |
B Aluminum alloy Ehail be anedized in sccordance with.SpeélfiCatimn

MIL-4-8625.

3-1.10  Jgnition Proof

Electrical equipment, or the operation of the same, shall not be -
capable of igniting any explosive mixture existing in the cabin, and shall
not contribuie to the generation of toxle, noxious, flameble, or explosive

mixtures as defined in MIL-STD-810.



3.1.11 Oxygen Exposure

The materials shall be capable of functioning in an atmosphere of
pure (100%) oxygen before, during, and after exposure to all applicable en-

virconmental conditicns.

3.2 Design and Construction

Design of equipment furnished hereunder shall inelude cconsideration
for minimm weighf. Construction of the equipmsnt furnished hereunﬁ&f shall
employ the latest state-of-the-art technigues and shall facilitate compliance
with the regquirements herecof at the degree and level of reliebility specified.

3.3 . Performance

The equipment fﬁrnished hereunder shall be capable Df operation
-within the limits speecified. |
3.3.1. ; Operating. Conditions
: The equipment shall be capsble of operation with a maximum power
dissipation of 6.5 ;a£ts, under the fﬁllowing input voltage conditions:
8. Steady voltage between 2% and 3.5 volts DC. |
(1) Iow Iine Limits --20 volis for periods not exceseding five
Fecbnds.
(2) Transient Voltage Limits (sbsolute values) -
() Positive: 78 volts for 10 microssconds at 10 pps
repetition rate for é'ﬁefiod of five minutes,
(b) Negative: 100 volts for 10 microseconds at 10 pys.
repetition rate for a periodlnf five minutes.
{3} Ripple ~ 3 volts peak-toﬁpeak.ﬁﬁlm 20,000 cps
b. DC éhall be independent of eguipment ground.
c. Performance, as specified, is not required during a normal
transient or IQW'iine voltage conditions. However, equipment

7 (Page 8 - NOT USED)



shall remain unﬂamaged as a result of exposure to transient or
low line wvoltmges. |
3.3.2 Redundancy .
Circuits shall be redundant only as required for relisbility. No .

circuit design compromise shall be made in the application af_reﬁunéancy.

3.3.3 Scanning Parameters
The scanning parameiers for the Apoello TV Camera shall be consistent
with the Composite Video and Sync-FDnﬁat shown in Figure 1% and the details
in the following paregraphs.

3.3.3.1 lLine and Frame Scan

An internel osecillator with a maximum toleranceX 0.02% shall be
used to provide the timing reference for two modes of operatidn. A1l count-
down and:pulsa durations for both mmdeé are obtained by binary countdown from
the basic osecillatof frequency. The operating mode is Sﬂiﬁctﬁd by activaying
g single externally e?ailable switcﬁ. (e mode 15 gt 10 framss per second anﬁ-
has 320 lines per frame including ﬁhe lines blanked during vertical retrace.
The other mods is at 0.625 frames per second and hes 1280 lines Including
those blanked during vertical retracs. Every other line in’the 1280 liné
mode may bg blanked to Improve signal current, -

3.3.3.2 Line Blanking Interval and Synchronizing Information

3.3.3.2:1 Horizontal Figure 1k
The horizontal blanking iqterval ghall be 10.5 pereent maximem of the
total line time. During the blanking interval the horizontal waveform shall:
a, In the 10 fps, 320 line mode have a fefereﬁced léﬁel of four.
microseconds minimum (front porch), provide synchronization

information for 20 microseconds nominal, end return to the re-

ference level for an additional four microseconds (back porch).

9



VERTICAL FRAME PERIOD AND RATE

HORIZONTAL RATE SERRATED

< 32Ke/500 cps ¥

e
HORIZONTAL LINE TIME :

VERTICAL SYNC PERIOD .
25 8
%iom sec OF 832y ——

100 mSEC/ & sec™™ 'O7PS/5 625 s *

BURST FREQUENCY

e 302 5/250»3'26%1-1 312.5/)250 # SEC-+1e- 312:5/250 *“SE"*} [+ 3125/, 55 gMSEC —>
VWHITE ...]----.——.-,...1-—-.—-.—-.— - - pmimy - - g G W - - ’
Veorer "/\/i - __/'\//\/ R —
VBLACK = it e e e e e e i e e o e e e - ; PN ) PR - Y | .. o e
. SERRATION
OVOLTS ———————— Sl — et o — — — e e e e R e s MR AW WS e e e S e G s e S
. i -— .‘—45"’]30 HSEC
SEE DETAIL A —-/ SEE DEVAIL B-/ N SEE DETAIL C
NART KT . pa o NOTES .
: g ¥ I. BURST FREQUENCY = 409, 6 KC £0, 02%
f 2. TWO MODES ARE IDENTIFIED BY A/B WHERE A IS 10 FPS AND B
H il THE 0, 625 MODES .
|' 3, PERIOD BEETWEEN CONSECUTIVE LEADING EDGES OF BURST FRE-
: l QUENCY IS 312.5/1250 u SEC
4, FRONT AND BACK PORCH PERIODS IS A/B WHERE A » 5 21 u5EC
i | \ AND B = 20 4 uSEC
fl 5. BLACK TO WHITE = 2 #0, | VOLTS P-P INTO 100 OHMS AND 1 %0, 05
iJ VOLTS INTO 50 OHMS . .
PORCH . PORCH PORCH 6. WHITE IS POSITIVE, BLACK IS5+.3 3+ INTO 100 OHMS LOAD
5/20 pSEC 5720 nSEC 5/20 pSEC 7. BANDPASS FILTER DOWN 3 DB MAX AT 500 KC AND 20 DB MIN
. AT | MEGACYCLE
HOR SYNC HOR SYNC 9. PEAK VIDEOQ WITH RESPECT TO GROUND SHALL BE 2,4 VOLTS
20/80 uSEC 20/80 pSEC MAXIMUM: EXAMPLE WHEN BLACK LEVEL EQUALS 0, 4 VOLTS
DETAIL A DETAIL B DETAILC THE P-P VIDEO SHALL BE Z YOLTS #. | YOLTS

Figure 14 -

TV CAMERA COMPOSITE VIDEQ AND SYNC FORMAT

.

10

.10, POSITIVE §YNG TIP SHALL BE 2 +* i VOLTS M!OVB BLACK LEVEL
BUT SHALL NOT EXCEED PEAK \m‘n'z VIDEO
il. PORCH LEVEL SHALL BE l/z BLACK TO WHITE VOLTAGE EXCURSION
£0. | VOLTS
12. - CAMERA OUTPUT STAGE IS A CURRENT SOURCE PRODUCING
2 VOLTS P-P INTO 100 OHM EXTERNAL LOAD OR 1 YOLT INTO
50 OHM EXTERNAL LOAD

13. Negative Burst level = video black -.%
Black level is the minimum signal (video
or sync) excursion. PR

; ' < | ' S6086A~VB=1

10



b. In the 0.625, 1280 line mode have a reference level of 16
mieroseconds minimum (front porch), provide synchronization
information for 8O micr@secands nominal, and feturn to the re-
ference level for aﬂ additional 16 microseconds minimum (back
porch).

¢. The synchronization information sh:all e a burst of sins-wave
osclllations with a pesk-to-peak value equal 1o the black end
white voltage excursion levels of the video infﬁrmatien. The
f?equency of the synchronization information shall be such that
it is in phase ¢r locked to the internal clock.

3.3.5.2.2 Vertical

The vertical blanking interval shall be 2,75 percent maximam of the
frame pericd. The wavelorm shall consist of sinewavé oscillations as descrived
abnvc'ﬁut serrated such that the periods between the leading edges of the ﬁurst
frequencles will be equal 1o the corresponding horizonta) line time for the
mode in use. Serrations between the fyequencg tursts will be 2t the reference
de level and will be 45 microseconds nomina) for the 10 framé per second
‘mode and 180 microseconds nominal for the 0.625 frame per second mode, and

will ceccur prior to horizontal syne time.

1k



3.3.4 System Video Bandwidth

The system vidso output respon;e characteristics shall be flat
within plus or minus 1db to 250ke and plus or mirnus 3 db at 500 ke. The
. low frequency response at 4 eps prior to de restoratioﬁlshﬂll be plus or .
minus 3 db. ?he system's video output maximmﬂ~s;gnal at 1 me shall be at
least 20 db below the maximum ocutput at 250 ke. Thé maximum tilt through
the clamp shall be less than L%, ' |

3.3.5% Crey Scale Henditicn

The equipment shall produce T logarithmic EIA grey scales as viewed

on a monitor. The individusl grey scale area shall be vertical bars equivalent

#

to a SG-TV-line area,

3.3.6 Aspect Ratio

The equipment shall. provide image tube surface scanning such
that the aspect ratio ¢f the finalized picture is L:3. The scannhing format
shall be within the scene imeged on the image sensor.

3.3.7 . load Characteristics

The equipment shali be capable of developing & 2 plus or minus .1
volt maximum ycﬂk-té—geak video signal geross a 100 ohm resistance lead; or
1 plus or minus 0.05 volt peak-to-peak fidea sign;l %cres? 2 50 olm resistance
load., The pea3¢tb-peak video signal is referenced to a 0.3 f i | ;alt black level
and clipping is permitted to control maximum pesk swing.
3.3.8 Controls
3.3.8.1 Electrical
Except for designed-iﬁ automatie #djustmgnts, the eguivment ahallj
be caﬁable of operation without electrical ad justments after initial installa-

tion. The automatic controls shall hold the peak video outpub beiwesn 1 to 2

12



volts over entire light range when working into 100 ohm loa.d.
3.3.8.2  Optical |
The'ﬁptical system shall require no manual adjustment.
3.3.9 Resolution :
Category : equipment: One gqualified equipment minimm shall be

capable of producing a minimum of:

10 100 television lines st L5% square wave response point
e referenced to a window chart.

10 200 television linss at Eﬂﬁisquare wave response point
fpe referenced to a window chart.

625 100 television line at'h5§ square wave response point
prs referenced io a window chart.

.625 200 television line at 28% square wave response point
re | reference% te a window chart.

.625 300 television line at 15% square wave response polnt
e zﬁfbrenced 1o a window chart. |

: ;325 500 television lines limi%iﬁg'

- fng ,

G&tezory 2 equipment;

Six qualified equipments minimum shall be capable of producing a minimwn of:

10 . 100 television lines at 55% square weve response réfersnced to
fps

& wirdow chart,
10 ) 200 television lines at 20% square wave respoﬁse referenced
fps
- to a window chart.
625 100 television lines at 55% square wave response referenced to
fps '

a window chart.
625 200 television lines &t 289 square wave response referenced to a
fps window chart. ' :

13



L 625 300 television lines at 12% sqﬁare wave response referenced to a
-fps .
window chart.

625 L2g television lines limiting,
fps

Category 3 equipment:’

Three preduction prototype equipments shall be capable of producing as a
ninimum that defined under category 2, paragreph 3.3.9.

Category 4 Equipment:

Four 8TM equipments shall be capsble pf pfbducing as & minimum that defined
under Category 2, paragraph 3.2.9, less 10%.

ﬁategory 5 Equlipment:

Two STM equiprments shall be capable of producing: as a minimum that defincd
under Category 2, paragraph 3.3.9. |

Category 6 Equiymént:

The engineering model cameras shall be'used for engineering purposes to

demonstrate feasibility,

3.3.10 Temperature Contrel

Tﬁe equipnmant ghall include self-cooling or heating provisions as mey
be required consistent with normal spacseraft and lunar environments. A
suitable tempcraturé indicator _wiil bE‘dcvcloped that will provide indicaﬁicn'
‘of safe operating temperature, The unit break-in point fa; temperature in-
dicator use will be mutuslly establishedlat the cancipsicn of the defelopmﬁnt

 Program,

3.3.11  Black level Direction
The equipmert shall develop white positive polarity across the

resistive load defined in Paragraph 3.3.7.

1k



3.3.12 - Signal-to-noise

Category 1 and 2 equipment as defined in paragraph 3.3.9 shall
produce as a minimum: 1

a. 4O db when operated at 10 frames per second when operated on the
lunar surface with .09 fool candles or higher as defined in ﬁaf&graph 3.4.2.3.)
ineident highlight illumination at the optiecs input.

b. 26 @b when operated at 10 /s looking through the LEM window
with .0056 foot candles incident'high_lighé illuminatian at the optics input.-

¢. 29 db when operaled at 10 frames per second on the lunar surface
with (007 fool candles incident high light illumination a% the épties input,

Category 3, 4 and 5 equipment es defined in psragragh 3.3.9 shell
produce as & minimum; . |

&. 35 db when operated at 10 frames per second when operated with
..Gglfooﬁ ean&Teg or higher as defined in paragraph 3:&.2.3.1 incident high-
light illumination ai the optics input.

b. 23 db when operated at )0 frames per ;ecand locking through‘the'.
LEM window with .0056 foot candles incident high light illumination af the
optics input.

¢. 26 db when operated at 10 frames per second on the lunar surface
with 007 foot candles incident high light illumination at the dptics input.
Category 1, one qualified equipment minimum defined in paragraph 3.3.9, shall
prndu;e 28 & minimum:

d. 28 db when operated at .625 F/S per second or higher on the, lunar
surface with a-.OhE foot candle or higher as defined in paragraph ﬁ.h.E.}.l

~dincide:  highlight illumination at the optics input.

15



€. 17 db when operated at 625 frames per second looking through
the Lﬂ window with .0056 foot candles incident higﬁlight illumination at the

opbics input,

Three qualified cquipments minimum defined in catagory 2, paragrazh 3.3.9

shall produce as & minimum:

f. 27 db vhen operated as defined in paragraph 3.3.12 D

g. 1T do when operated as éefiﬁed in parsgraph 3.3.12 E.
Three qualified equipments maximum defined in catagory 2, paragravh 3.3.9
shall produce &5 & minimum:

h. 2L db when operated ss defined in paragraph 3.3.12D

i. 17 db when operated ss defined In paragraph 3.3.128
Three production equipments defined in catagory 3, paragraph 3.3.9, shall
produce as minimen that defined in paragraph 3.3.19H'anﬁ I.
Signal-to-noise shall be measured from & photograph taken.qf an indiﬁidual line

of vides. The camera shubtter speed shall be at least 5 frame times.

PP signal x 6

Formula shall be 20 10g P giack level noisr

| STM equipment defined in paragraph 3.3.9 Category b4 and 5 shall produce:
2k db when operated as defined in paragraph 3.3.12D

17 4b when operated as defined in parzgraph 3.3.12E

3.3.13 Linearity
' Overall system geometric distortion shall be less than 5% of plcturs

height.

16



3.3.14 Picture Quality

3.3.14.1 - Spots due to tube defects shall not exceed the criteria
contained in figure 20. This spot criterion does not apply to.STH

and P {ype equipments, but development and qualificatiﬁn test objectives

shall not be compromised by spots.

3.k Environmental Requirements
3.4.1 Non-Operating (Pre-Launch)

The equipment, packaged for 3hippiné, ground handling, transporta-
tion and storage, shall be capable of perfﬁngance as specified immediately
after exposure to the following natural and induced environmenlis separately
or in natural combinations., No verification testing will be required.

&. IEEEEEEEEEE

A range from minus 20 degrees F, to plus 1hO degrees F. for 2
weeks for transportetion. A range df from plus 25 degrees F:
to plus 105 degrees F. for 3 years, and superposition of solar
radiation of 360 British thermal uaits (Btu) per 3qﬁare foot
per hour for 6 hours per day for 30 days for storage.

b. Altitude

35,000 fest for 8 hours fcr_tranapartaﬁion end 6,000 feet for -
3 years for storage., Sensor (tube) may be operated during
thig pericd as eétablished in end item data packsge maintenance

procedure,

17



Figure 20

Innar TV Camera Blemish Spescification

' Operate camera tube with normal scan of 3/8 X 1/2 inch.

- In the monitor use a CRT having a nine inr;h diagonal (3 X L aspect ratio)

L [ ey |
.13
- 7
|
Ih
L SO E T ‘1"

Rejection Criteria /1]
Spot size (inches)

Wumber f1lowed

. ._ Zone 1 Zone 2 Zone 3

<0.015 [2 /2 /2
0.015 to 0,050 - : 5./ 3 3/3 5
0.050 to 0.045 o 1 3

0,065 .0 0 0

Ll To be considersd a spot, light or dark, contrast must be grester
than 2 to 1, ' -

[__2 Spols under 0.015 not f;c: be counted.

/3 Minimum separation betwesen any t,';ro: spots shall be 0,50 inch.

Under 0.59 usec no spot N
0255 inch/usec . 0.59 psec ! 0.015 inch
. - 1.98 psec {} 0.05 inch

Spots up to 2.55 ;uxl"-ec S 2.55 psec |} 0.065 iréh

17=



c. Humidity
L
9% plus or minus 5 percent reletive, 1néluding condensation of

water,

d. Eain

0.6 ineh per hour for 12 hours.

e.' Sand snd Dust

Bguivalent to 140 mesh silica flour with pariiecle velocity of
500 feet per minute, |
f. Fungus
As found in tropical areas, including that specified in Speci-
fication MIL-E-5272.
g. Salt Spray
Equivalent to 20 percent salt solution for 50 hours
h. Ozone | | |

3 year exposure to 0.05 ppm eoncantration

£ Vibration
5 to 27.5 cps plus or minus 1.56 g3 27.5 to ﬁﬁﬁcps 0.0k3
inch double amplitude (da); 52 to 500 cps plus or minus
6.00 g. Vibratio: shall be performed in accordance With
MIL-E-49704.

3. Shosk

30 g. for 11 plus or minus 1 millisecond (msec).

L 3.bk.2 Non-Operating (launch and Post-launch)
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3.4.2,1

Command Module

&.

€.

Temperatprc
Zero dsgrees F to plus 100 degrees F normal cabin operation
plus 160 degrees F emergency cabin operation.

Acceleration

T g's for five minutes during launch.

Bumidity L
95 isd relative

Pragsyra

258 mn of Hg_(normal}; 1 X 1ﬂ-}0 mn of Hg (emergency)

Shock

The camera case and mounting shall withstand a 78 g shock. The

£

h.

wave form shall be half sine witﬁ 11 ﬁiliisceond duratisn for
emergency carth lending conditions.

Guidation
100% oxygen at 258 mm of Hg.

Vibration

In accordance with Tabhle IT.

Corresive Contaminsnis

Salt stmosphere as caused by human perspiration, the effect
. is simulated by exposure to lﬁ salt solution by weight for

L8 nhours.
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TABLE II - VIBRATION

Acoustical testing shall be applied to a non-operating Image sensor
assembly only.
Acoustical (.0002 dynesfcmz, reference)

Test time shall be five minutes,

Qg&ggg_ﬁgg@_ﬁﬁﬁ - : ’ Intensity DB

90 to 180 - 129 plus 3, minus 3

180 to 355 . 12k plus 3, minus 3
355 to 710 125 minimuz
710 to 1400 ' 115 minimum
1400 to 2800 107 minimum
2800 to 5600 . 99 minimum
5600 to 11,200 90 minimum
Overall ' _13& minimumn

Mechanical - The equipment shall be designed for the following random
vibrations along each of the {hree mu?ually perpendicular major axes.
The time of the test shall be 15 minutes per axis.
&. Random - Linear increase at 3 dvfoctave from 0,009 ggfcps
at 10 eps to 0.06 gejcps at 70 ecps; constant at 0.06 ggfcps
"from 70 to hEEIcps with a linear decrease from Q.06 g?fcﬁs

at 429 cps at 3 dbfoctave to 2000 eps.



4.2.2  LEM Cabin (Separation, Descent, Hover, Touchdown and Lunar Stay)

&, Temperature
0 degrees F to 100 degrees F normal cabin. operation
plus 160 degrees F emergency cabin operation

b, Acceleration

1.1 4 during descent
8.0 g 10 -20 ms
4. Humidity
95 T 5% relative
e. FPressure
258 mn of Kg (normal); 1'% 107% pm of Heg
(uncontrolled cabin)
f. Oxidation
100% oxygen at 258 mn of Hg
€. Yibration
All mission phases are as indicated in Figures 15 and 16,
Factors of 1.3 and 1.32 ere Lo be gpplied to the sinusoidal
and ranﬂﬂm.vibrations respectively to convert to qualifi-
ication test levels,

h, Corrosive Conteminants

Same as 3.4.3.1.h
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3.k.2,3  Imnar Surface

&. TJemperature p
Lunar surface, +250 degrees F (day) to -300 degrees F
(night); deep space, -L50 degrees F; solar input,
b0 Btu/tr/£t2 (day) |
b. Pressure
1X 10'11+ mm of Hg.

¢, Radiztion and Meteoroid Environment

As indicated in Figures 17 and 18 and NASA/MSC Engineering
Criteria Bulletin EC-1, meteoroid enviromment in near-earth,

cislunar, and near-lunar space,

3.4h.2.3.1 I1dumination Levels Iunar Day
12,600 £t cendles to 20 £t cendles incident highlight illumina-

tion &t optical input

-

L07 £, cgnﬁle to 1.2 foot candles incident highlight iilumina—
ation atlthe eplical input.
NOTE: These levels will be reduced to B0% when viewed from within the
LEM cabin,
343 - Operating
3.%.3.£ Command Module

Same as 3.4.2.1 except that operation &ufing vibratiﬁn, accelera-
tion and after 78 g shock is not required; however, no part 6f the éqﬁip;
ment shall become free as a result of tﬁs‘shuck.' No operation during
160 degrees F ersrgency conditiuﬁ required.hut thermsal indicétor.éan be

used as guide for safe operation during this period.

pellt



{

.uur_mv

28]

X3
1Bl I 1 f
mlitedd H -+ ! il
R
.I_ — P T
T T
T . _ 1
i T "
W T i { a3
& J o
grthier! e =
4 -N._..L..II_‘G N
o e borate b i *
} tmalen L1
LINNEEARTY N H
1 Hs_.w AR T
ik P __ I
TR BT i
RS H.Jl o
it v P e 3
et 7 ) |
N B O ! Ao
“ e A : .m _ o
HALCTY R I nr
HEMALSS 7 i 4 L
b i A% |
AT 3 \ 1 %
g % i
Apr. e e e o Lt ]
SO EENEN it O
Ligll.l i [ {0 T
5 o il 1l
i A T
i Eeaig /it i
1 ETh IHIER i H
drelals I i
QL] p 1 T b
H LEn -~ . {1 -
:rﬂi .._!wu % W
Yl ' g
TR i ﬁ
Ve ! !
il 0N j
iRk ]
1EIEld
Ak =
IR 1
L1l L I
T 1 —+
£ 13
H i
1 1
N L
a1y b
Tt : %
. {
A _._
N
] HH
IR B 4
1 I
_ 1 e
| i fadlpitd I
bt vt ITHEINNI L o
-
o < -~ M

AL)

2

kness (gm/cm

Shield Thic

Dosage on Lunar Surface for 1 year pericd

Radiation

T.

1

igure

F

.25



51

e
i
1
; o
: ~
.“1 m
; ~
i
[ i M
L B o
e et
e —AER R
I .. s m
= i S
Tt ;
o
T 7]
» @
=
ol
o
ol
=
e
i
v
ol
g
L]
.m
o
O
T3 \3
G e
LA ard
B ¥
L
o i
(=Y
l_ H
wn_ 1
L I
TR o
.Y
S
-
e
s .
TN
o
LY

o -
L - -

ﬁu.mdmu owomdovoo&nm .

1

Figure

26



3.4.3.2  LEM Cabin -

Same as 3.1.2.2 except that acceleration, shock, aﬁﬂ vibr;atinn
are to_Ee oﬁitted. No operation during 160 degrees F emergency condition
reguired, but tﬁﬂrmal indicator ean be used as guide for safe'apgration
during this pericd. -

3.4.3.3 Tunar Surface

Same as 3.4.2.3
3.h.3.L Pre-Launch

Same as 3.4.2.1 except no acceleration; shock and mlrihratir:m
and with the addition of Salt Spray (equivalent to 1% salt solution) as
“found in coastal areas.
3.5.1 Test Poinis
3.5.1.1  Internal

| Internal tesl, or access points shall be aveilable for bench

maintenance, These points shall include, but not be limited to the
f:}llowi-ng :

a. Video pre-amp cutpui

b. - Composite_videu output

c. Herizontal and verlical sweep wavelorm ) -

d.- Horizontal and wvertical blanking waveform -

e. Focus Vol‘ta.gé

f. Horizontal and vertical ramp trigger and S;-,-"m.: waveforn )
'g. Internal oscillator output

h. DC voltage regulator output

i. Line voltage input
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J. 8ignal ground

k. Critical sensor element vu:rltage;ﬂ
3.5.1.2 External - _ ' ~..‘

The eguipment shall include the follcwiné extérnal test points
for checkout with ground support equipment. These points shall be located
on the external test connector of Para 3.5.4.1,

a. Composite video autguﬁ

b. Unregulated de supply voltage

c. Signal ground
3.5.2  Portability

. The equipmént shall be portable and shall be provided with a
hand holding device, such as a light weight round functional handle.

3.5.3. Flapszed Time Meter

The assembled camera shall be supplied with a; approved ﬁiniafure
;lapsed time meter, which shall record time that input power is applied,
and this shall include all test time. This meter is not to be part of
the camera piﬁk&ge, but will be conneetéd cxtcrqal}y.&nd will be disconnected

before {light.

3.5.4 External Connectors

3.5.4,1 Te:s, ﬁpﬁﬁéctﬁr

An external test connector approved by NASA/MSC in accardancé :
~with Para 6.3, shall be prdvided.fbr mcniporing power input &nﬁ video
. output during pre-launch periods only. 'The connector shall be capped

and the cap shall be within equipment contour, if the comnector is a
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permanent part of the camera. This does not apply if the connector is to
be a temporary element in the cable which normally comnects the camera to
the spacecraft.

3.5.4h.2 Operational Connector

An external operational connector approved by NASA according
to Para 6.3 shall be provided for the following:

a. Power input (2 wires)

b. ?idea output (coax)
The connector shall be capeble of mating and unmating operations in all -
mission environments and shall be compatidle with the lunar surface TV
: cable,

3.5.5 Opties

The equipment shall be provided with lenses as necessary %o
meel the performaﬁée'rcquircmenis specified in Para 3.3 for the following

BCEncs. "

3.5.%.12 . Command Maodule

Interior views and views out of the window,

3.5.5.2  LFM Cabin and Lunar Surface | -
a. View of earth from moon
b. View of astronaut from LEM cebin or ILEM vicinity.

Agtronaut will welk 1000 feelt away from LEM,

€. View of LEM as seen by astronaut, Astronaut will be as

far as B0 feet away.



d. View of general lunar landscope as seen by astronant in

LEM cabin or as far as 80 feet sway from LEM,

3.6 Electromagnetic Interference Suppression
The eguipment shall be designed to meet the requirements of
MIL-E-6051C, MIL-I-26600, and MSC-EMIIOA.

3.7 Jdentification of Product

Fauipment furnished under- the requifements of this specificétiﬂn
shall be durably and legibly marked in accordance with the requirements of
MIL-8TD-130 as follows:

Item Name

o ———

Manufacturer's Part Number

Marmfacturer's Serial Number

Manufacturer's Name

Contract Nurber
MASA MEN Number
HASA NTN Number

8 -

u. . L . .
3.8 Model Classifications
3.8.1 Breadboard Model

This is an assembly of preliminary circuits and parts to prove
the feasibility of a device, circuit, equipment, system, or prineiple in
m;.xgh Torm without regerd to the eventual nv'eral,'_L design or form of parts.

3.8.2 Service Test Model

This is a model designed to meet the performance requirements

of the specification. This model employs approved parts or
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their interchangeable equivalents. It may be used to demonsirate ﬁhg
reproducibility of the eguipment design. This applies to STM 5 and 6

8T 1, 2, 3, and 4 may use non-approved parts., . L

3.8.3 Prototype Model

This is a flightweight model suitable for complete evaluation
of a1l pﬁysical and functional Eh&faﬂteristﬁcs. It is of final mechanizal
and electrical form, employs approveq parts, and i1s fabricated with approved
tooling and processes, This is the model which is subjected to qualifica-
tion tests.

3.8.4 Quelified Model

This is the final flightweight model employing approved parts
and fabricated with aspproved tooling and processes, It shall be identical
to the prototype model which has successfully completed its qualification
tests, .

3.8.5 ' Identification and Traceability

Tdentification and traceabiiity shall be in accordance with a
contractor specification derived from NPC-200-2 following negotistion
and aécept&nce by NASA/MSC, This paragraph shall apply to all cgmeras

‘beginning with STM 5,

3.9 Life
%.9.1 Storage Life

Equipment shall have & storage life of 3 years, during which
time the equipment will be operated as necessary to maintain the equipment,

Contractor shall indicate required operation during stcrage.
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3.9.2 Service Life

Bguipment shall be capable of operation as specilied horein

for 622 hours of exposure to the specified environments, which includes

250 hours of pre-launch ground checkout.

3.10 Reliability
It shall be design goal that the equipment have a (0.999 proba-

bility of performing as required for 14 consecutive days. The contractor

must conform with NFC-250-1. The following ground rules are to apply

regarding cerfain relisbility tashks:

B.

Ca

Updating of the reliability estimates is 10 be done only
once at a time after éll design has been finalized and in-
mest economical manner.

The failure moﬁe effect and criticallity analysis is to
be deleled,

The qualifieation status list is toc be prepared one time
enly after all deéigﬂ has been finalized and in most
economical manner.,

Evaluation of testing results is ta be limited and pri-
marily concentrated in areas where failures occur,

Formul eireuit analysis by Re}i&bility Engineering is not

roguired,

3.11 Weight

The weight of the camera only, excluding handle, connector and

the optical system shall not exceed 7.25 pounds,
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3.12 Interchangeability

All ﬁarts‘or egquipment héving the same part nuwber shall be
physically and Tunctionally interchangeable. This paragraph shall apply
to all cameras beginning with STH 5.
3.13 Workmanship

Equipment furnished under the requirements of this specifi-
cation shall be fabricated in a worlmanlike mammer complying with sound
iﬁdustry practice. Particular attention shall be given to neatness and
thoroughness of working paris, assemblies, platiné, welding, and freedom
of parts from burrs and sharp edgss that might damage associated equipment

or cause injury to operaling personnel,

3.14 Stowage Eouipment

The ecamera will betsupplied with stowege 'equipment for both the
Cﬁmnaqd Module and LEM Spacecraft. The CM stowage egquipment as showm in
Fig. 1 will consist of a stowage frame for the camera containing inﬁegrai
stuwagé provisions for the Telephole and Wide Aﬁgle Lenses, The LEM stowege
equipment will consist of a stowags f;&me (Fig. 2) and separate containers
(Figs. 3 and 4) for the telephoto lens and the Tunar Day or Lunar MNight
lenses. '
3.15 | Lenses

In ordef to meet the optical requirements of par. 3.5.5, four
1en§es as described by Figureé 5, 6, 7 and 8 are to be Bupplied'with the
camera., When the camera is operated within the Command Module it will use
the Wide Angle or TElephﬂto.lens, When the_caméra is used in the LEM on
"the Lunar Surface it will use the Telephoto, the Lunar Day or the Lunar

Hight lens.
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3.16 Cables

The camera will be supplied with éables containing two paﬁcr
leads and two video (coax) leads. These cables, which are defined in.
Figures 9 and 10, will bte used {0 permit operation of the camera within
the Command Module and LEM Spacecraft. |
3.17 Cable Connector

A cable connector idéntical to that used on the LEM cable and
described in Fig. 11 will be supplied by the contractor to permit con-
struction of various cables to be used with the camera during ground tests,

3.18 Bulkhead Receptacle

A bulkhead receptacle (Fig. 12) will also be supplied by the
' contractor. The receplacle will be used to join the LEM cable to the
LEY Spacecraft wiring,

3.19 Thermal Shields

A thermal shield kit énnsisting of two thermal shields and .
described in Fig. 13 will be supplied by the contractor for use with the
camera on lunar night missions, The fﬁnctian of the shields will be to
permit the operation of the camera in the lunﬁr night low ;emperaiurﬂl
environment. h

3.20 Noise Current

The equivalent preamplifier input noise current shall be équal

to or less than .5 X lﬁ*g_amperes.

3.21 Temperature Indicator
A temperature indicator shall be included on or im the camera:
such that a visual indication of camera temperature is produced. Unsafe

-temperatures (both high and low) shall be indicated.
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k.0 Suality Assurance Provisions

L.l Ouslity Control

The contractor shall have or establish a program of quality
_contrﬂl conforming to the requirements of Specification NPC-200-2,
h.1.1 SBurveys | |
The government reserves the right.ta conducet Engineering, Re-
liability, Guality Conirol, and other Burveys as may be decmed necessary
to adeguately evaluate the contractor's ;apabilities or to witness, or to
designale witnesses for tests, either as consultants or as representatives
of government agencies. Unless otherwise sﬁecifieﬂ, the eccntractor shall
be responsible for the performance of all tests prior to submission fbr.
government acceptance. Excepl as otherwise specified, the contraeter may
htilizé his own fecilities or any commercial laboratory acceptable to the
goverﬁmcnt. ’

L.2 Clessification of Tesis

Tests performed on equipment fufniéhe& hereunder shall be
classified as fuilows:
&, Develuﬁnent testsl
b, Gualification tests .
c, Acceptﬁnce testis

4.3 Test Conditions

L.3.1 Test Facilities

Unless otherwise specified herein, all test facilities and con-

ditions -ghall be in accordance with Specification MIL-E-SL00.
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L.3.2 Test Equipment

. Equipment used to measure item parameters shall not introduce
an error greater than 10 percent of the tolerance on the parameter; that
~is, if'=a pérameter tolerance is plus or minus 10 pér;ent the equipment
error shall not be_greatgr than plus or minus 1,0 percent of the parameter
nominal value, -

4,3.3 Measurements

Al) measurements shall bz made with instruments that have been
calibrated and certified in accordance with Specification WPC-200-2,

h.3.4 Notice of Tests

NASA/MEC shall be sdvised not less than 96 hours prior to any
scheduled test specified. No test shall be delayed if the HASHXMEC
fepresentaﬁive fails Lo appear if the above notice provision has been

comnplied with.
k,3.5 Test Results Approval

NASASMSC epproval is required on all acceptance .and quelifi-
cation {esls, Approval shell be granted nﬁly after inspection of the
test specimens by NASA/MSC.

L.3.6 Notice of Failure

NASA/MEC shall be advised within 48 hours of any failures
cccuring during the performance of any development, gualification, or
acceptance fesl if the above notice provision has been cﬁmplied with.

L.3.7 . Design Chanzes

After successful completion of the design development tests, no
design changes or alternations in the operations incidental to manufactur-

ing the assembly shall be made without prior approval of HESA{MEC.
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L L . Development and Qualification Tests

The contractor shall conﬁuct those fests necessary to ensure
that the design and construction are compatible with the perfoimance re-
.quirements and operating envirorments specified, and to ﬁetermine that
the materizls, parts, components and circuits f£it the application. The
de»jrelopment.;’qualifica,tiun test program plan which was submitted to NASA/MSC

was approved in accordance with Paragraph 6,3.7.

L4y Functional Tests

The funcltional tests at the start of the Developnent tests
shall consist of the Acceptance tesis defined ir Para .6 (less 4.6.2,
vibration), and the Sian&ard Funetional Tests shall be performed prior to
gnd following each envirommental test program. Standard Funciionsl Test
performance lists shall be as defined by the contractor, but shall consist
of the following tests as a minimun: -

a. Inpui power supply wverialion anﬂ_péwer consumption

b. Video waveform, fast and slow scan

¢. Resolution, 3 wvoltage lévels, 2 light-ﬂevels

d. Linearity, 3 voltzgs levels, 1 light level
Resolution and linearity measuremsnts shell be made using a test patiern

projector,
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b L,2 Humidity

The camera shall be subjected to Method 507 of MIL-51D-810 with
the following modifications; 15-100% relative humidity between tempera-
ture limits of 55 degrees F to 90 degrees F maximum as shown in Figure 19.
Scan parameteré, TV monitor noise, and power drain shall be muniﬁcred
during the tests. The Standard Funetional tests shall be performed follow-
ing removal of the camera from the chamber. Exposed optical elements may
be cleaned with a cloth prior to functional tesis.
kb3 Salt Spray

The camera shall be subhjected to Method 509 of MIL-SID-810, with
the exception, that a one percent salt solution by weight shall be used,
The camera shall operate during twro L-hour periods and for the final two
hoﬁrs of the LB8-hour test period. Scan parameters, TV Monitor noise, and.,
power drain shall be monitorel while the cemera 1s operated during exposure
to the salt spray enviromment. Following the L8-hour exposure, the camera
shall be removed from the chamber and shall be suvjecled to the standard
functional testis. Exposed optical elements may be cleaned with a cloth
prior to functional tests. External cemera surfaces may be cleaned
following test. |
bk Acoustics

This test shall be run on the SEC Vidicon only. A non-operating _'

tube shall be mounted to support structure for the test.
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. TIME (HOURS)

_'Fie:u.re 19. Hu‘nid_it:}r Test - One Cycle
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The test shall be conducted in a reverberant enclosure to the following
acoustic noise spectrum:

Cverall l3ﬁ db min

g0-180 cps at 129 1 3 db

180-355 eps at 124 T 3 ab

355-710 eps at 124 db min

710-1L00 eps at 115 db min

1400-2800 cps at 107 db min

2800-5600 eps at 99 db min

5600-11,200 eps at 90 db min

re 0,0002 Dynes/em - Duration S nin
Test data shall be accumulated -on & minimum of two SEC tubes and thg data

included in the Camera Development Tesi Report.

b5 Vibration
h.h.5.1  Mounting Description

The camera and stowage Trame sh%ll be aytécheﬂ to & fixture
capable of transmitting the vibraiion éonﬂitimn_specified herein. Attach-
ment of the camera and stowage ffamé to the [ixture shall clﬁsel& simnlate
the service mounting, The vibration equipment shall be equalized to com-
p;ﬁéate for fixture resonance, All lines céﬁﬁecte& to the camera for data
recarding or actuation shall not a?preeiably affeﬁt.the vibrétioﬁ inputs.
The magnitﬁﬁe of the épplied vibration shall be monitored on the test
'fixture ﬁear.the_camera mounting points. The camera vibration shall be

- monitored in its three major axes and other critical axes as nedessary.
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L. h.5.2 Command Module Vibration

The following random vibratinn shali b; applied along each of
the three mutually perpendicular major axes:

a. Randon
3 db per octave increase from 0.008 ggfcps at 10 cps to
0,06 ggfcps at 70 cps. Constant at 0,06 ggjcps from f@ to
425 cps with a 3 db per octave decrease from k25 to 2000 cps.

b, Time shall be 15 minutes per axis fbr randem vibration., The
equipment shall show no effects of physical damage as a
result of the vibrations.

¢. The camera shall not be operated during vibration tests.

*4.5,5.3 TFEM Cabin Vibration
. The following sine and random vibration sh#ll be applied
separa{ely glong eﬁch of the three nutually perpendiculear major axis.
a. Sine
10 to' 17 eycles level of 0.13" dcuble.amplitudc; constant
acceleration of 1.95 g'é péak for 17 to 310 cps; 31ﬁ to
500 cps level of .000k double emplitude; and from 500 to
2000 cps level of 5.2 g's peak. ' - -
One sweep 10 to 2000 tﬁ.lﬁ cﬁs at.é octave ﬁér minute,
b. Rendon |
Linear inereass from 0022 g°/cps st 10 eps to 0.0338 g°/cps
at 20 Eps. Constant amplitude.af 0.0338 ggfcps.fram 20 .to

100 eps. Linesr decrease from 0.0338 g2/cps at 100 ecps to
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L0169 gglcp; at 120 cps. Coostant amplitude of L0169 g?fcps
from 120 cps to 2000 cps. |
Duralion
2] minules per axis.
The capera shall not be operated during thé LEM Cabin vibratign. The
camera shall be subjected to the Standayd Punetional tests following each

axis of vibration,

L.4.6 Electromagnetic Interference
The camersz -shall be tested to the requiranents of MIL-E-6051C,
MIL-I-26600 and MSC-EMILOA, Tests on one camera shall be limited to
generated interference measurements at freguencies below 100 MC,
b7 Explosive Atmosphere
| The cemera shall be exposed to explnsi;e vapors per MIL-T-5h22,
Test Proc. #1 (seme as MIL~E-5272) at sea level only, During the exposure
the camers shall be op?ratcd, but shall net be required to monitor a test
p%ﬁt&rﬁ.
L.%.8 Shock
&.. The camera shall be submitted to gung; landing shock in
eccordance with MITL-STD-810 Mﬂthaﬁ 516, Procedure I, with
the following modifications: thé shoek pulse shell be half
‘sinewave af B g peak with a 11 T 1 ms duration. The camera
shall be subjeclied to the standard functiconel tests Tollow-
ing-thﬂ shock t?st.
b. A mock-up of the S8TM cameras shall be suhject;d to the 78 g

emergency landing re-entry shock pulse. THe mock-up shall
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be subjected to one shock pulse in each of the thres
cardinal axes, The waveform shall be half sine with 11 T
millisecond pulse duration, Retrofit of the mock-up shall

| be Ell.llm:ed between sxes; however, at the termination of

the shock test, there shall be no case punctures or separa-
tion from mounting hardware.

L.k.g Thermal Vecuum |
a. Lunar Day
The camera shall be subjected to pressure equal to 5 X 10-5 iein ]
of Hg or less Tor a period gf 25 hours, A lunar surface
temperature of.+256 degrees F, a decp space temperature of
=300 deg}eas F, end a solar flux of one qolar constant shall
Jbe simulated, The camera shall be operated and perfofmance
monitored during each*qf two E-heuf pericds. Eﬁrfofmance
shall be checked with the lunar dey lens. Al funetional
-requirements of the camera shall ﬁe verified during the
lunar day environment.
b, Lunar Night

The camera shall be suhjecfed to a pressure equal to 5 X 1076
mz Hg or less for a period nf 25 Hogré. The enviromment
shall be simulated by a surrounding shroud mainta..ine:d at
=300 dégrecs ¥, The camers shall be operated continuously
and pnrfﬁrmance monitered during each of two 8-hour periods.
Performande shall berchecked with the Iunar night lens and

ell functionsl requifements verified.
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h.h.iﬂ Kormal Cabig

The camera shall be subj ?cted to a pfessure of 5 psisa oxygen .
&‘[:mosphe.x.*e with E:ham‘t:_le.r wall surfeces held at +90 de-tgrees- F. The camera
shall be operated continuosuly and all functional requirements verified
following temperature stabilization,
L.k Off-Limit

Overstress tests shail be performed on ﬁoth caneras, One camera
shall be subjected to power, light, and temperature overstresses (including
the emergency LEM Cabin environment). The second camera shall be subjected
to power, light, and vibration overstress. Functional testis performed
during overstress testing shall be at the Contractor's discretion but shall,
in general, consist of those tests performed during normal environmental
tests,

a. FPower Overstress

The input woltage shgll be adjusted in ] vclt_incremen;;
from 24 V DC to 18 V DC and from 31.5 V DC to 34.5 V DC-
while a standard test péttern'is monitored under nominal
light conditions. Pﬁsitive trénsien‘ from 79- 95 v e 1nput
line in 5 V DC incremenfs, pulse width 10 pseh, 10 pps
repetition rate, and 5 minutes at sach vﬂlﬁag= Adnerement.
Hegatlve transients from minus 160 V D fo minus 120 V DO
shall also be provided in 5 volt increments, The test 1
ghall be terminated at any valtige level if recovery times

become excessive,
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Light Oversiress

The cameras shall be subjected to highlight photocathode

illumination levels of 50% above the maximum lunar day
illumination in 15% end 30% overstress increments, The
light overstress shall be provided under both large and
small ambient change conditions. Light level.shall be;re-
duced in 6 db increments below minimim lunar night conditions
until significant resolution and/or contrast deterioration

is observed,

Temperaiure Crerstress

Temperature overstress tests shall be subjected to two
5—heur Lhermal-vacuum tests with all conditions as pre-
scribed for t.he lunar day test excepi that the lunar surface
shroud {emperature and solar radiatiah simalation shall be

as Tollows: . . )

Cycle Tunar Surface Shroud Temp. Solar Simnlator
1 275°F 1.25 solar constants
2 290 - 300°F 1.5 solar constents

Fmergency Cabin

The emergency cabin envirorment shall be simgiatgd ﬁiih ell
conditions as specified for the normal cébin environm&ﬁt
except that the wall Lemperaturs shéll be 130 f'5 degrees F .
and the chamber pressure shall be 1 X 1078 T orr maximum,
The test shall be continué& for four huursror until the

camera radiating plane temperature excesds 130 dezrees F.

k5



e, Vibration Overstrecs

The camers shall be subjected to lsvels of 1.5 and 2.0
times the mission level vibration fﬂruﬁ.mdnutés per axis.
The camera operation shall be checked after each test., The
test shalllbe tefminated if a failure occurs.

. Shock Cverstress

This test shall be the sdme as that required in paragraph

L.4.8a above except the shock pulse shall be 15 g peak.

k.5 Qualification Tests

The contractor shall éandue@ tests to demonstrate'complianﬂe
with this specification and to veéﬁfy critical desipgn margins. The tests
ghall be performed in accordsnce with Table III., Tests successfully
performed for non-critical environmenls as parit of development tpst on
SiM units shall not be re-run unless pertinent design éhanses have been
made., Data fromlthase.tests shall be submitied to show compliznce with
qualification requirem&nts. Critical tests as shown in Table IIT shall
be performed during qualification tests., In addition, tests nol success-
fully completed durﬁng develé;meﬁt tests shall-be perlformed,

4.5.1 Failure

Any deviation from performance criteria will be considered a
failure as follows:

Type A Failure: FPhysical deteribfatimq or destruﬂfion to the

point where the caméra is inoperable, or a change in cemera

parameter is'measuréd, which.exceeds twice the established

tolerance as referenced to the initial readinz.

Iype B Failure: Any change in cemera performance which exceeds

the established tolerance, but dces not quali f':;.r- as a type "A"

'failure.
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A type "A" failure shall reguire immediate analysis and corrective action

prior to the continuance of Dev./Qual Test,

A type "B" failure shall be permitied to continue to completion in qualifi-

cation or development test esnd analysis and carfecfive action shall be

initiated at that time to all undeveloped cameras.

In the event of any failure that is atiributed to a deficiency in the SEC

tube, no corrective action thal requires tube redesign effori shall be

initiated, Corrective action vhich would normzlly be tsken in the camera

assenbly to correct such deficiencies shall nol be precluded,

For the purpose of this specifiecation, the following exceptions to the

above definitions are stipulaled:

"a. Burst frequency = ko960 T .02% absolute., Exceeding this
tolerance shall be classified as.z type "A" failure.

b.' ¢ response and §/N ratio: A deviation of 10% from the

initial reading shall be classified as a type "B" failure.

}.5.2 Qualification Criteria

A product sghall be considered gualified after successful
completion of the qualification tesis., Bpecial consideratvions ave &s
follows: . .

a, Qff-limit tesis

Bucceszful completion of the gqualification tests is contingent
upon the equipment meeting the performance and environmental
requirenents. Design margin verification is not partlof

qualificatiﬁn.
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b, Mission Life Tests

The assigned unit to the life test shall be required to
complete two mission sequences (ground checkout time plus
all mission test environments and cnrrequhding durations)
With0u£ maintenance.

L.5.3 Test Bpecimens

Three specimens shall be subjected to the tests specified in
Table ITIT.

4.5.4 Input Variation

The specimen shall be operated under the specified extramas of
light input (see 3.4) and power input (see 3.3.1). Specimen operation shall
comply with Para 4.4.1. L
%.5.5 | Life Test

Tne speeimen shell be submitted to the following life test,

Electrical tests in each envirorment shall be consistent with the slectriesl )

tests prescribed for the applicable development test enviromment.
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Test Sequence and Units¥® .
Accessories®®

STM-5 STM-6 PL P2 P3
1 1 i1 1
2 - 2 = -, : 1= 13"
3 6 3 & - . Ll-->13
L - = - C 1—13
9 - (& - - 5,10,12
5 5 & & - 5,9
- 7 - 7n - o 1—wb, 6 —=13
ON TUBE ONLY
- 2 - 2 - 2,3,4,6,7,10,12
- 3 - Lo- 1,5,6,7,9
- b - 3 - 2,3,4,6,8,10,11,12,13
- 11 - - - : 1,6,9
- o - - - 7,10
& 8 - - - -
7 9 == -
& - - - - 5
- - - - 2 1—¥13

% Cipreled tests will be performed on the prototype units only if related STM units fail to meet dev,

test requirements (i.e., failed STM-5 tests will be repeated on Pl and failed STM-6 tests will be
repeated on P2). .

¥R The oo

ke e

environnents in which each accessory is to be qualified,

crs in this column corrvespond to the numbered accessories in table 1-2 and indicate the
Tha comment in Note 1 applies to {failures.

###% Cagera and lens mockups will be used for the CM reeatry tests and STM-& camera will be used for the
lunar landing shock test.
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Step 1 - Ground Operation

Duration: 250 h0urs continuous oreration
EnvirOnmﬂnF: Lavoratory conditions except unit case {temper-
ature maintained at 100° £10°F
Evaluation: Check input current and voltage every L hours.
Conduct & complete electrical test every 24 hours.

Step 2 - Launch Vibration

Enviromment: Mount unit to_simpiaté. Cormand Module instal-
lation. Vibrate along each axis at the levels
specified by 4.4.5.2 for a period of 5 minutes
per.axis. -

Operation: Operation not required during vibration test.
Evaluation: Abureviated electrical check before test, Complete

eleciricel check afier test.

Step 3 - Mission Phase I (186 hours totel duration)
a. Command Mnﬁuie .
Duration: T9 hours
Envirﬂnmgni: Corrosive contaminants: one percent salt
'solptian by weight. |

Temperature: 70° to BGGF. Dew Point: 550F

to 65°F respectively (i.e., REZ 60% at all times)
Operation: One hour per each eight hours of teat..

Evalustion: Complete elsctronic check afier test,

20



C.

€.

b. LEM - Lunar Night ;
Duration: 12 hours
Environment: 10'6 mit of Hg max lunar night temperatur=:~3060F
Operation: Continuous
Evaluation: Cowpleté electronic check during operation
(voth modes)
IFM - Tunar Day
Duration: 12 hours
Environment: 10 -6 i ﬁg max lunar surflace tcmperatﬁre +250°F,
—3Db6F deef space combined with solar simulation of
one solar consfanﬁ.
Operation: continmous unless max camera design temperature is
excecdad.
Evgluatinn: Complete electronic check during operation (both
modes ) -
iEM - cabin
Duration: -12 hours
Fnvironment: 1db6 i of Hg maximum, cabin wall temperaturs 100%%
Gperati;n: Coniinuous unless maximum camera design temperature

is exceeded.

Evaluation: Complete electronic check during operstion (both modes)

Command Module

Duration: 7% hours

Environment: COrrosivc eontaminents: one percent salt solu-
tion by welght, temperature: TOOF to 80 F. Dew
Point: 55°F to 555F'respectively (i.e., RE"S
60% at ail times )

Operation: Oﬁé hour per Egchueight hours of test _-

Evaluation: Complete electronlic check after test.

. 51
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Step 4 - launch Vibration

Repeat Step 2

Step 5 - Mission Phase IT (186 Hours Tolal Duration)

&a. HRepeat Step 3 a

b/ Repeat Step 3 b

¢. Repeat Step 3 ¢ .

d.. Repeat Step 3 d except ;%hin wall temp to be 1300F
e, Hepeal Siep 3 e

e - Acceptance Tesis

Unless otherwise specified prior td delivery of any assembly to
NASA/HSC, the contractor shall perform the tesis as delineaied in Table IV.
iﬂ gddition, the contractor shall perform any other tests necessary to reé—
soﬁabl& sseure relisble performance dﬁ;ing oﬁar&tiﬁg conditions. Tr. the
event that eny component of any assembly fails any part of ihe acecepiance
test, NASA/MSC may reject ihe entire lot of whicﬂ the failed assembly is
representative, and return te the contracteor any items of fhe let which have
been &Elivgred but not accepied. The Contractor shall correct all deficiencies

prior to resubmitting rejected articles for acceptance tests.

k6.1 Examination of Product

" This test shall be an inspection to verﬁfﬁ that the materials,
design , construcliions, neeeséary dimensionzl characteristics, ﬁarking,
and workmanship comply with the réquirements of this specificatiocn.

k.62 feceptance - Vibration Tests

The equipment shall be subjected io %he fallowing vivration:
random - linear increase from 0.0025 g Efcps et 10 eps to 5.015 ggfcps at
60 ecps; 0.015 ggfcps from éb to EDD cps with a linear decrease Prom 0.015
gefhps at 400 cps to 0.003 ggfcps_at 2000 ecps. Time shallihe fivé minyias
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for each axis.

- b,6,3 Functional Test

The functlcnal test shall be as established by the contractor and
approved by MSA{NSC, in sccordance with Para 6.3. The test shall include
a demonstiration of overall picture quality as well as performance. . The test

shall prove equipment complisnce with Para 3.72.

TABLE IV ACCEFTANCE TESTS ANWD.SEQUENCE OF TESTS

Test Paragraph Neame of Tesi Sequence Testing

k6.1 Examinstion .o:IT Product 1
L.6.2 Acceptance - Vibration Tests 2
L.6.3 ' ' Functional Tests 3

2. . Preparation for Delivery

5.1 General Provisions

The provisions specified herein govern "Preparation for Delivery"” to
NASA/MSC, Grumeman Aircraft Engineering Corporation (GAEC) , or North American
Aviation Facilities (NAA). -

5.2 Ievel of Protection

The contractor shall develop and use methods of preservation, packaging,
and packing which will adequauel}" protect the item abalnst corrosion, con-

tsmina'tmn, ph:.rsical damage or other deterioration during transport to
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NASA/MSC, Grumman Airereft Engineering Corporation (GAEC), or North
Mmerican Aviation (NAA) and during subseguent indoor storsge for = period
of 90 days. The contractor shsll prepare a gketch.ﬂr bréef description or
both of the proposed methods of preservation, packaging, pécking marking
and where applicsble , special handling festures to protect the item from

normal enticipated hazards encountered in transportation.

5.3 Marking for Shipment

Containers shall be durably marked in a legible manner in. such
g way that the marking shall not become damaged when the conteiners are

opened. The markings shall provide the followiig information:

5.3.1 Unit Containers

Control Mumber

.?&rt Hunmber

Mfg Type or Part MNumber

Qty this Packege _ Lot Yo.. (if applicable)

Serial Nurber

Mfger
Purchase Order lo.
5.3.2 Shioping Containers

Date of Mg

——— —

When the shipping container is packed with one or more -likc: items,
it shall be marked in accordance with Para 5.3.1 aﬁave and the coﬁtractar‘s
standard markings for address and pregauﬁionary handling. Shipping co-n-
{iéiners pecked with unlike Iitems shall 'he. marked with the coﬁtr&ctmr‘s
standard markings for ad;iress alﬁd pr-_:cautionary hanr;'i]ing. All shipping
containers shall be merked with the .word APOLLO in letters a minimum of
one (1) inch high.

6. Notes
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6.1 Intended llze
The equipment iz intended to provide visual data to ground re-
ceiving stations during the Apollo lynar mission.

6.2 Existing Equipment

¥When the contracior has exlsting equipment which, in his opinion,
is similar enough to satisfy the reqﬁireﬁents hereof with minor deviations,
such equipment shall be proposed. Tals procedufe is recommended when, in the
opinion of the contractor, such deviations result in advantages in ecost,
“weight, size and delivery.

6.3 Approval Procedure

A1) items requiring approval by NASA/MSC 'shall be fully documented
and sutmitied to HASﬁ/MSC at least three (3) weeks pricr 1o their usage. If
8 disapproval notice is not -rececived prior to the cnﬁ of the three (3) week’
period, the item shall be considered to have been approved. The disapproval
notice shall taske the form of an official correspondence from the Contracting
Officer and will indicate that the item is not to be implemenied until it is
chamged and resubmitted Tor approfal. .In no case shall the contraclor be

relieved of his obligation to meet the requirements of the contrect, .

T.0 Reports
7.2 The contractor shall supply weekly status reports via TWX.
T.2 Further documentation requiremsnts shall be as inﬂicateﬂ in

NPC 200-2 and NPC 250-1 or elsewhere in the contract.
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